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0 Electrically conducting reinforced optical fiber. 

@ Apparatus for interconnecting a missile/RCV 
launch device with a remote control station includes 
composite cable having glass fibers for transmitting 
optical signals and electrical conductors embedded 
in a coating layer that is reinforced witli fibers, for 
transmitting electric power. The apparatus also in- 
cludes electrical and optical connectors at the cable 
end portions wherein the reinforcing fibers are 
grouped with the glass fiber at termination. 
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ELECTRICALLY CONDUCTING REINFORCED OPTICAL FIBER 



BACKGROUND 



Field of the Invention 



This invention relates to optical fibers, and par- 
ticular to coated, reinforced optical fibers having 
integrated electrical conductors. 



Description of the Prior Art 

Optical fibers typically are used to provide 
large bandwidth two-way communication between 
sender and receiver units. If the sender/receiver 
units are electrically active, the message sent over 
the optical fiber can be converted and interpreted 
by the system electronics to effect some desired 
action. If. however, one of the sender/receiver units 
Is electrically Inactive, no action can be effected by 
the electrically inert unit. 

Currently, an optical fiber has been used for 
two-way communication between transceivers lo- 
cated at each end of the optical fiber in an optical 
fiber-connected missile launch system. However, in 
some such systems, the launch device preferably 
should remain electrically dormant until immedi- 
ately b.efore launch to prevent detection and to 
conserve power. Heretofore, a separate electrical 
connection had to be made to activate the inert 
transceiver before a communication link could be 
established. Such a situation can occur, for exam- 
ple, with a remotely launched missile or in re- 
motely controlled vehicle ("RCV") systems. 

Cable constructions having both optical fibers 
and electrical conductors are known, and repre- 
sentative of these are the constructions described 
in U.S. 4,660,928 ( Jaeger et al), U.S. 4,158.478 
( D'Auria et al.). and U.S. 4.365.865 (Stiles). In gen- 
eral, the prior art constructions are not ideally suit- 
ed for applications requiring a relatively high elec- 
tric power transmission, capability (e.g., several 
hundred watts, steady state) while retaining the 
strength, compactness, and flexibility required e.g., 
for tactical missile systems. 



Summary of the Invention 

In accordance with the invention, as embodied 
with broadly described herein, the apparatus for 
providing combined large bandwidth optical signal 
communication and high electric power transmis- 
sion between two spaced locations comprises an 



integral elongated fiber core of a first glass material 
for transmitting optical signals; an integral layer of 
a second, glass-like material intimately surrounding 
the fiber core and having a refractive index less 
5 than the first glass material; and a coating layer of 
a plastic material intimately sunrounding the glass- 
like material layer. Conductor means for transmit- 
ting electrical power are embedded in Uie coating 
layer, and reinforcing means also are embedded in 
70 the coating layer. 

Preferably, the conductor means includes a 
plurality of individual conductive members extend- 
ing generally parallel to, and circumferentially 
spaced around, the core, wherein at least one of 
fs the individual conductive members is insulated with 
respect to the coating layer. It is also preferred that 
the reinforcing means includes reinforcing fibers 
distributed throughout the coating. 

Further in accordance with the present inven- 
20 tion, as embodied and broadly described herein, 
the apparatus for interconnecting a missile launch 
device witti a remote missile launch controller sta- 
tion comprises cable means including a glass fiber 
core, a glass-like material covering layer a fiber 
25 reinforced coating, and electrical conductors em- 
bedded in the coating, tiie cable means for trans- 
mitting electiical power and optical control signals 
from the vicinity of tfie control station to tiie vicinity 
of the launch device. The cable means has respec- 
30 tive end portions proximate the control station and 
the launch device and includes means for terminat- 
ing the end portions and for separately receiving 
from each end portion (a) the conductor means, 
and (b) the glass fiber core together, the glass-like 
35 material layer, and tiie reinforcing fibers. The termi- 
nating means includes respective electrical connec- 
tors and optical fiber connectors associated with 
tiie control station and the launch device. 

Preferably, at least the electrical connector as- 
40 sociated with tiie launch device is of tiie breakaway 
type, and at least the conductor means portion 
receivable at tiie launch device is configured as a 
pigtail and is separately electrically insulated. 

It may also be preferred tiiat the conti-ol station 
46 include means for h-ansmitting high voltage AC 
electrical power and the terminating means in- 
cludes a step-down transformer and rectifier oper- 
atively connected to the received conductor means 
proximate tiie launch device. 

50 • 

Brief Description of the Drawings 

The accompanying drawings which are incor- 
porated in, and constitute a part of. this specifica- 
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tion illustrate a preferred embodiment of the inven- 
tion and, together with the description, serve to 
explain the principles of the Invention. 
Of the drawings: 

Rg. 1 is a schematic of a missile launch 
system utilizing interconnection apparatus made in 
accordance with the present invention; 

Fig. 2 Is a schematic axial cross-section of 
one embodiment of the cable component of inter- 
connection apparatus depicted in Rg. 1 ; 

Rgs. 3A and 3B are schematic axial cross- 
sections of variations of another embodiment of the 
cable component; 

Rg. 4 is an enlarged detail of the termination 
at the controller station of the interconnection ap- 
paratus shown In Fig. 1 ; and 

Rg. 5A and 56 are enlarged details of the 
termination at the missile launch device of the 
interconnecting apparatus shown in Fig. 1. 

Reference will now be made to the present 
preferred embodiment of the Invention which is 
Illustrated in the accompanying drawing. 

Description of the Preferred Embodiment 



With initial reference to Fig. 1, there is shown a 
missile launch system designated generally by the 
numeral 10 and including launch device 12 having 
missile or RCV 14 In launch tube 16. Remotely 
separated from launch device is launch/control sta- 
tion 18 including transceiver 20, controller 22 and 
power supply 24. Launch device 12 in intercon- 
nected to remote launch/controller 18 via apparatus 
designated generally 26 which will be described in 
more detail hereinafter. Although this invention is 
described primarily for application to a fiber optic- 
guided missile or remotely controlled vehicle, the 
invention is not restricted to this limited use. Other 
uses for the invention will become apparent as the 
constructions and configurations are described. 

Referring again to Fig. 1. missile 14 usually is 
located at some remote place and enclosed in a 
launcher or storage container 1 6. An internal power 
source such as thermal battery 28, for example, Is 
activated by the firing of an associated electrical 
squib. The squib is fired by the action of electrical 
power of proper magnitude and duration which is 
transmitted over interconnecting apparatus 26. 
After the squib Is fired, thermal action automatically 
activates the battery 28. When the battery power 
output rises to the proper ievet, the missile on- 
board electrical system 30 is activated and either 
preprogrammed events are initiated or the elec- 
trical system, which may be either analog or digital 
in design, is enabled to receive commands from 
control station 18 over interconnecting apparatus 
26. In Fig. 1, a common electrical ground 32 is 
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used although a separate, isolated ground can be 
incorporated in apparatus 26 as will be described 
later. 

In accordance with the present invention, the 
5 interconnecting apparatus includes a cable compo- 
nent Having an integral, elongated fiber core of a 
first glass material for transmitting optical signals, 
an integral layer of a second glass or suitable 
plastic material (collectively, "glass-lil<e material") 
10 intimately sun'ounding the core, and a coating layer 
or "jacket" of a plastic material Intimately surround- 
ing the glass layer. Importantly, conductor means 
for transmitting electrical power are protectively 
embedded in the coating layer and extend essen- 
15 tially parallel to the glass fiber core. Reinforcing 
means are provided in the coating layer for longitu- 
dinal strength. 

As embodied herein, interconnecting apparatus 
26 includes cable component 34 extending gen- 

20 orally between launch device 12 and control station 
18. Referring now to Rgure 2, cable 34 is made up 
of glass core 36 of one refractive index surrounded 
by an outer glass-like material layer 38 of slightly 
less refractive index, which layer is fused to glass 

25 core 36. Cable 34 furtiier includes outer coating 
layer 40 which includes a plurality of embedded 
electrical conductive -members 42 and reinforcing 
fibers 44. The coating 40 with reinforcing fibers 
previously described in European Patent Applica- 

30 tion No. 87118967.6 filed December 2.1, 1987 can 
be used for coating 40 If one or multiple electrical 
conductors 42 are substituted for some of tiie 
fibers. One or more of the individual conductors 42 
may be separately insulated as required for a par- 

35 ticular application, such as witii insulation 46 (Fig. 
2). Conductors 42 may be helically wrapped or 
braided extending generally parallel to the direction 
of glass core 36. Coating 40 can be of any suitable 
material that provides ttie necessary strength, envi- 

40 ronmentai and electrical protection. Such materials 
Include reinforced or non-reinforced plastics 
(tiiermoplastic or ttiermosetting), the silicon 
acrolate-type materials. 

Although the size of the individual conductors 

45 42 limits the power that can be transmitted, braid- 
ing of the wires constitutes, in effect, a stranded 
wire bundle that Is capable of carrying significant 
electrical power for a relatively short time period. If 
it is required to provide a return ground, that is, 

50 instead of common ground 32 (Rg. 1), one or more 
of conductors 42 can be electrically insulated as 
with Insulation 46. 

Referring now to Figs. 3A and 3B, it is recog- 
nized that numerous variations in tine placement 

55 and shape of the electrically conductive/non-con- 
ductive components of cable 34 of interconnecting 
apparatus 26 are possible. These variations are 
primarily to accomplish manufacturing simplicity 
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and reliabilrty in use and do not constitute a depar- 
ture fronn the invention. In Rgs. 3A and 38 pre- 
• viously defined (Rg. 2) optical glass fiber elements 
36, 38 and plastic coating 40 with reinforcing fibers 
44 are present. In the embodiment depicted in Rg, 5 
1. the use of common ground 32 pemriits the use 
of the cable component variation shown In Rg. 3A. 
and designated as 34'. having a single electrical 
conductor 42 of a metallic sheath-type. Conductor 
42 can be placed anywhere within the outer coat- w 
ing layer 40 with the proviso that the electrical 
isolation be maintained. Note also that, if desired, 
multiple sheath-type conductors 42' can be placed 
inside the outer layer 40. 

A return ground in the nature of an electric is 
conductor can be provided as indicated in Rg. 38 
and designated by the numeraJ 50. The absolute 
positions of electrical conductors 42' and 50 are 
not critical so long as a desired maximum diameter 
and electrical isolation are maintained. Note also 20 
that multiple conductors 42' with a common, or 
multiple grounds 50 can be provided as desired! 

In accordance with the present invention, the 
interconnection apparatus includes means for ter- 
minating the end portions of the cable and for 25 
separately receiving from each end portion (a) the 
electrical conductor means and (b) the glass fiber 
core together with the glass layer and the reinforc- 
ing fibers. The terminating means also includes 
respective electrical connectors and optical fiber 30 
connectors associated with the control station and 
with the launch device. 

As embodied herein, tenmination of the ele- 
nrients of end portion 34a of cable are illustrated in 
Rg. 4 for control station 18 and the cable compo- as 
nent depicted in Rg. Z In Rg. 4. electrical conduc- 
tors 42 are removed from coating layer 40 and are 
terminated by clamping or soldering to standard 
electrical connector 52. while glass core 38 and 
glass-like material covering layer 38 are attached to 40 
standard optical fiber connector 54. Separate in- 
sulation 56 can be used to provide electrical insula- 
tion if the removed conductors 42 are not insulated. 
Termination of cable end portion 34b at launch 
device 16 occurs prior to any taper between re- 45 
inforcing fibers 44 and the balance of the cable 
component. Reinforcing fibers 44 must be strong 
enough such that electrical conductors 42 will 
break and separate from missile 14 under a rela- 
tively low force. Referring now to Rg. 5A. conduc- 50 
tors 42 are removed from coating layer 40 and 
reinforced fibers 44. and may be preferably pro- 
vided as pigtail 58 (see Rg. 58) and connected to 
standard breakaway electrical connector 60. The 58 
missile side of breakaway connector 60 is firmly 55 
attached to missile internal electrical system 30. 
Prior to launch or system activation, pigtail 58 is 
connected to breakaway connector 60. Upon com- 



mand from controller 22 ground power supply 24 
energizes conductors 42 with the desired voltage ' 
and cunrent. The duration of the electrical power 
transmission is also controlled by controller 22. 

The embodiments depicted in Rg. 2 and espe- 
cially Rgs. 3A and 38, have a disadvantaae in that 
the thickness of the conductors 42 and 42 limit the 
DC current canrying capability of cable 34. and the 
resistance/foot of cable 34 may be large. There- 
fore, using as thick a coating layer 40 as practical 
and transmitting a relatively high AC voltage and 
low current over cable 34 will permit significant 
electncal energy transmission distances to be 
achieved. The high voltages may require that the 
tenDination means include stepdown 
transformer/rectifier/conditioner 62 to be used Con- 
version of AC to DC is accomplished by 
transfomier/rectifier/-element 62. 

The method of fabrication of the preferred ca- 
ble embodiment depicted in Rg. 2 is described in 
detail In the related European patent application 
No. 87118967.6 and the fabrication of the alternate 
electrical sheath conductor elements 42' and 50 
depicted in Rgs. 3A and 38 makes use of conven- 
tional continuous vapor deposition and sputtering 
techniques. The interconnecting apparatus of the 
present Invention also can be made as a cable 
harness assembly, that is. including mating elec- 
trical and optical connector portions integrated with 
the cable component. As previously discussed, the 
power transmitted may be AC or DC and. depend- 
ing upon the distance and power level to be trans- 
mitted, either high or low voltage. Power condition- 
ers such as transfomier/rectifier/condltioner 62 are 
provided as necessary. The transmitted electrical 
power is primarily to initiate or perpetuate some 
electrical action that Is needed on the electrically 
inert side of the circuit fiber optic control. 

It should now be understood that the described 
interconnecton apparatus of combined electrical 
power and optical signal transmission can provide 
either long term or short temri electrical power to a 
remote subsystem where electrical power is need- 
ed and a high bandwidth data limit as can be. 
provided by optical fibers is required. The present 
interconnection apparatus Invention also allows ca- 
pacitors to be changed and batteries to be charged 
over long periods of time such as by continuous 
low electrical power transmission. The low power 
consumption of digital electronics will allow remote 
powered sensors to be electrically powered and 
use the relatively EMI. EMP proof optical fiber to 
transmit the data through a hostile environment. 

It will be apparent to those skilled in the art that 
various modifications and variations can be made 
in the above-described interconnecting apparatus 
invention without departing from the scope or spirit 
of the invention. Thus, it is intended that the 



4 



AVAILABLE 



EP 0 359 985 A2 



8 



present invention cover such modifications and 
variations provided tliey come within the scope of 
the appended claims and their equivalents. 



Claims 

1. Cable apparatus for providing combined 
large bandwidth optical signal communication and 
electric power transmission between two spaced io 
locations, the cable comprising: 

an integral elongated fiber core of a first glass 
material for transmitting optical signals, said first 
glass material having a first refractive index; * 
an integral layer of a glass-like material intimately is 
surrounding said fiber core, said glass*! ike material 
having a second refractive index less than said first 
refractive index; 

a coating layer of a plastic material intimately sur- 
rounding said glass-like material layer; 20 
conductor means for transmitting electrical power 
embedded in said coating layer; and 
reinforcing means associated with said- coating lay- 
er. 

2. The apparatus as in claim 1 wherein said as 
fiber core is sized for single-mode optical signal 
transmission. 

3. The apparatus as in claim 1 wherein said 
conductor means includes a plurality of individual 
conductive members extending generally parallel 30 
to, and circumferentially spaced around, said core. 

4. The apparatus as in claim 3 wherein at least 
one of said individual conductive members is sepa- 
rately insulated. 

5. The apparatus as in claim 1 wherein said os 
conductor means includes at least one circum- 
ferentially continuous tut)ular conductive sheath 
embedded In said coating layer. 

6. The apparatus as in claim 5 further Including 
anotiier circumferentially continuous tubular con- 40 
ducti've sheath positioned between said glass-like 
material layer and said coating layer. 

7. The apparatus as in claim 1 wherein said 
reinforcing means Includes reinforcing fibers em- 
bedded in said coating layer. 45 

8. The cable of claim 1 wherein said cable may 
be used for interconnecting a missile launch device 
with a remote missile launch control station to 
transmit electrical power and optical conti'oi signals 
from tiie vicinity of tfie control station to the vicinity so 
of the launch device, 

said cable Including respective end portions proxi- 
mate the conti'ol station and the launch device; and 
means for terminating said cable end portions in- 
cluding means for separately receiving from each 55 
end portion 

(a) said conductor means, and 

(b) said glass tiber core togetiier witii said glass- 



like material layer and said reinforcing fibers, 
said terminating means including respective elec- 
trical connectors and optical fiber connectors asso- 
ciated witii. ttie control station and tiie launch de- 
vice. 

9. The interconnecting apparatus as in claim 8 
wherein at least the electrical connector associated 
with the launch device is of the breakaway type. 

10. The interconnecting apparatus as in claim 8 
wherein at least the conductor means received at 
the launch device is configured as pigtail. 

1 1 . The interconnecting apparatus as in claim 8 
wherein at least the conductor means received at 
the launch device is electrically Insulated. 

12. The interconnecting apparatus as in claim 8 
wherein said terminating means includes a step- 
down transformer and rectifier operatively connect- 
ed to the received conductor means proximate tiie 
launch device. 



5 



EP 0 359 985 A2 



seST AVAILABLE COPY 



THERMAL 
BATTERY 
WITH SQUIB 



LAUNCHER CR 
Y STORAGE 

T^^BE/^^ mSSILE/ 

PROJECTILE 
OR R^Y 

^ALTERNATE ' 
STEPOOWM 

TRANSFORMER 
ANO RECTI F I 




ELECTRICAL 

SYSTEM 
1.0 



tltCTRICAL 
GROUND 



CONTROLLER 



3^ 




OUTER COATING 
LAYER 




£L£CTR:CAt 
CONDUCTORS -^Z 



0^ PdJVSKc 
CUTER CLASS^CCVER 38 

CORE CLASS 3 A 



ELECTRICAL INSULATION 



^eST AVAILABLE COPY 



EP 0 359 985 A2 



etECTRlCAU 
COMOUCTOR 



OUTER COATING UYER 




OUTER COATING 
LAYER 



COHHOH CROUKO ALTERKATE 




ELECTR I CAL - 
CONDUCTOR '^'3/ 



ELECTRICAL (UtOV*:H 
CONDUCTOR 

sv 



RETURK CROUKO AtTERMATE 





GUSS FIBER 



36 — W 



REINFORCFD 
FIBER ^ 




ELECTR I CAL 
INSULATION 

T6 



eLECTRICAL 
CONDUCTORS 
^2 



STANDARD 
OPTICAL FIBEa 
CONNECTOR 

ELECTRICAL 
COJ/NECTOR 

S2L 




■4 



AVAILABLE COPV 



EP 0 359 985 A2 




CONOUCTaft^' 



TERM I MAT INC 
PlCTAIt 





36 



FIBERS 



